With the Technical Assistance of MRS. ANNA STAPELFRLDT That the percutaneous absorption of substances can be facilitated by increasing the temperature and relative humidity of the skin seems to be generally accepted but rarely confirmed or refuted experimentally. Occlusive dressings are now in widespread use to enhance penetration of substances and probably owe their effectiveness to an increase in both temperature and moisture.
That the percutaneous absorption of substances can be facilitated by increasing the temperature and relative humidity of the skin seems to be generally accepted but rarely confirmed or refuted experimentally. Occlusive dressings are now in widespread use to enhance penetration of substances and probably owe their effectiveness to an increase in both temperature and moisture.
Several authors (5-10) have mentioned increased skin permeability brought about by occlusion. Whitehouse, Hancock, and Haldane (1) showed an increase in the rate of percutaneous absorption of oxygen on raising the environmental temperature of man. In normal human male subjects, Brown and Scott (2) could demonstrate an increase in the absorption of methyl salicylate due to temperature increase. Hydration of the skin also produced an increase in absorption. Renshaw (3) demonstrated the role of heat and moisture in augmenting the effect of vesicant vapors on human skin. Cullumbine (4) also concluded that wet skin was more susceptible to the effects of vesicant gases but stated that the effect of temperature was more complex. Onken and Moyer (13) recently showed that the rate of water vapor transpiration through excised human skin at 40° C. is about six times that at 9° C. Cronin and Stoughton (11) stated that soaking the skin increased the penetration six fold for cold soaking and 12 fold for hot soaking in vivo and six fold for both in vitro (14) . We will show that increasing either temperature or relative humidity increases percutaneous absorption in vitro. This work involves in vitro technics which have been developed from those of Treherne (12), I. Blank (15), and Cronin (14) .
METHOD
Leg skin of normal appearance was removed from surgically amputated legs immediately or after a period of refrigeration, cut into portions, 307 wrapped in air-tight containers, then placed in a freezer at -17 to -22° C and stored. Four such specimens were used in these experiments (see Table I ). To determine the gross effect of freezing and thawing, each was examined histologically using routine hematoxylin and eosin staining.
There was reduction of cell volume and pyknosis in all, but the stratum corneum was intact. Thawing was begun at room temperature about one hour prior to use. The subcutaneous tissue was carefully trimmed off with a scissors until the net-like pattern of the dermis was seen. Mounting on special glass cups ( Fig. 1 ) was then accomplished by compressing the skin tightly into a lateral groove by means of several rubber bands, avoiding undue tension or slack in the skin. This creates a water-tight seal. (In 24 hours the rim of skin peripheral to the rubber bands becomes grossly dry and shrunken even at a relative humidity of 88%, resulting in a loss of weight of the preparation; however, the volume of saline in the cup varies less than 0.1 ml.) Glass wells j4 inch in height with an inner diameter of 1.0 cm were placed centrally on the skin. The junction of the skin and well at its outside wall at the base was sealed with Duco Cement (Dupont) which contracts as it drys, pressing the base of the well against the skin. Ten (10) ml of 0.9% saline with 0.9% benzyl alcohol preservative was placed in the cup, the stopper inserted and air removed from the dermal side of the skin by inversion. One-half hour or more after gluing of the well, 10 X (0.01 ml) (see Table II ) of a solution of C'4 labelled acetylsalicylic acid (ASA) (see Fig. 2 ) was placed in the well. One drop of 95% ethanol was then added to completely cover the skin inside the well. The skin was then blown dry with a stream of air at room temperature. A standard solution was made by adding a known quantity bulb temperature and ejecting it into the 9,600 cubic inch work space. Wet and dry bulb temperatures are recorded continuously.) After 24 hours the cups were removed ind gently agitated. 0.1 ml portions of saline were placed in stainless steel planchets. Fifteen (15) drops of 0.1% Dreft solution were added to just cover the bottom of the planchet, and this is dried to a thin layer under an infra-red lamp at about 500 C and then counted to a reliable error of 2% or less (error equal to or less than 2% in 95 out of 100 times) on a Nuclear Chicago gas flow geiger counter.
Radioactivity is expressed as the number of counts per minute registered on our apparatus at a constant efficiency. The per cent of applied counts per minute penetration in 24 hours is determined simply by dividing the total number of counts per minute recovered in 24 hours by the counts per minute applied, then multiplying by 100. The concentration in the saline and the corium is assumed to be the same and the volume added by the corium to be negligible.
In a few experiments cultures of fluid from inside wells and of the saline on the corium side were done on blood agar and showed no growth. After each experiment a few drops of basic fuch- tive humidity were taken. From Fig. 4 , Table   III (LE) we can see that at 100 C increaiiing the relative humidity from 50% to 88% increased penetration roughly three-fold (p = 0.02) while at 40° C the same increase in relative humidity increased penetration one and one-half times (p < 0.00006). At 50% relative humidity increasing the temperature from 10° C to 40° C increased penetration almost fifteen times (p < 0.00006). At 88% relative humidity this same increase in temperature increased penetration only eight times (p < 0.00006). This apparent greater effect of temperature and humidity at the lower levels could be due to the steeper concentration gradient at the lower penetration rates. Additional data were collected for several increments of relative humidity at 40°C. These data are shown in Fig. 5 (LW) and it can be seen that increasing relative humidity alone increases the penetration rate. The average penetration rate at "100%" relative humidity (liquid water) was about 10 times that at 50% relative humidity (p < 0.00006). We feel that this figure is low due to the rapid build-up of ASA on the corium side at the higher penetration rates. Repeating these measurements using a compound having a lower penetration rate should help to prove this hy- A temperature increase from 100 C to 40° C gave an increase in penetration of 8 to 15 times at 88% and 50% relative humidity respectively.
2. An increase in relative humidity from 50% to 88% produced an increase in penetration of one half to three times at 40° C and 10° C respectively. 3 . At 40° C an increase from 50% relative humidity to 100% relative humidity (liquid water) gave an increase in penetration by a factor of at least 10. audience.
There is no doubt that the first question must be answered in the affirmative, that this study is Second, these layers and the skin surface are pierced by many openings, potential opening and actual openings, many of which have hairs that arc moving about like stirring rods or crowbars, and are being erected or laid flat often in response to changes of temperature, precisely through the action of the arrectores pilorum.
The next differences, of course, arc that beneath the membrane, in vivo, there is a constant flow, and, within the membrane, there arc changes in circulation, changes in flow and gradients of concentration both in the compartment of the epidermis and of the cutis, and all of these arc changing the conditions of the living mediums into which the substances are penetrating.
These arc just a few of the differences that one could mention between such test models and the actual skin in vivo. I think that it would be most interesting to ascertain just how often one gets positive correlations with the findings in such models and actual penetrations in vim. I know that the presenters have done some work in this direction, as have others, too, and I would like to ask them about such correlations, positive or negative.
Dn. WILLIAM C. FRIT5cH (in closing): Of course, Dr. Sulzbergcr is right. I wish we had a living human system in our laboratory that would be as easy to use and as available as the system we have used here. We have not done any correlations in vivo for acctyl salicylic acid, and, at present, we have no way of telling whether the penetration, in absolute quantities, would be the same in vivo. A comparison would be very interesting.
